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1. Intnxiuction
Spinel fe rrite s  h a v e  tw o  m a g n e tic  su b la tt ic c s , te tra h e d ra l A -s ite  
and o c tah e d ra l B -s i te . T h e  s tru c tu ra l,  e le c tr ic a l a n d  m a g n e tic  
properties, u p o n  w h ic h  its  a p p lic a tio n  d e p e n d s , a rc  fo u n d  to  b e  
sensitive to  d is tr ib u tio n  o f  c a t io n s  a m o n g  th e s e  s ite s  [ 1 ]. In  
t'rder to in te rp re t th e  re s u lts  re g a rd in g  th e se  in tr in s ic  p ro p e r tie s , 
ilic k n o w led g e  o f  c a tio n  d is tr ib u tio n  tu rn s  o u t to  b e  e s s e n tia l , 
riiereforc, in v e s tig a tio n  o f  c a tio n  d is tr ib u tio n  in  fe r r ite s  sy s te m  
is of in te rest. T h e  c a tio n  d is tr ib u tio n  c a n  b e  in v e s tig a te d  by  th e  
^iclii’o sta tistica l m o d e l in w h ic h  th ree  m a g n e tic  io n s p e r  lo rm u la  
unit is c o n s id e re d  [2J. H o w e v e r , th e  p re s e n t .system  d o e s  n o t 
consist th ree  m a g n e t ic  io n s  p e r  fo rm u la  u n its . U p a d h y a y  an d  
ba ld h a  [ 3 ] h a v e  s u g g e s te d  th e  m e th o d  to  e s t im a te  c a t io n  
distribution, a s s u m in g  r e la t iv e  w e ig h te d  m a g n e t ic  in te ra c tio n  
per fo rm ula  u n it. T h is  w a s  fu r th e r  m o d if ie d  b y  V a sa m b e k a r  et al 
K] for tr iv a le n t su b s t i tu t io n .
By p r o c e s s  o f  s t r u c tu r a l  r e f in e m e n t  o f  X - r a y  p o w d e r  
dififactogram s, m u c h  stru c tu ra l in fo rm a tio n  c an  b e  ob ta in ed  [5 ,6]. 
The in te n s ity  o f  X - ra y  r e f le c t io n s  p ro v id e s  th e  in fo rm a tio n
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reg a rd in g  o c c u p a n c y  o f  c a tio n s  a m o n g  th ese  s ite s  [1 ,7 ] ,  w h e reas  
fu ll w id th  at h a lf  m a x im u m  (F W H M ) g iv e s  p a rtic le  size  15]. T h e  
in te n s ity  o f  2 2 0  an d  4 2 2  re f le c t io n s  s tro n g ly  d e p e n d s  on  c a tio n s  
o f  te tra h e d ra l s ite  [7 ], w h ile  th a t o f  2 2 2  a n d  4 0 0  is se n s itiv e  to  
c a tio n s  o f  o c ta h e d ra l s ite  |« ] .  A ssu m in g  th is  d e p e n d e n c e , th e  
s tru c tu ra l re f in e m e n t m e th o d  is u se d  a n d  th e  re s u lts  re g a rd in g  
th e  s tu d y  o f  c a t io n  d is t r ib u t io n  in v e s t ig a t io n  b y  s t ru c tu ra l  
re f in e m e n t fo r Nd^^ su b s titu te d  Z n -M g  fe r r ite s  a re  re p o rte d .
2. Experimental
C o m p o s itio n s  o f  p o ly c ry s ta l l in e  fe r r ite s , Z n ^ M g , , / c 2. N d ^ 0 4  
(x= O.CX), 0 .2 0 ,0 .4 0 ,0 .6 0 ,0 .8 0  an d  1.00; y  =  0 .0 0  an d  0 .0 5 ) w ere  
p re p a re d  b y  s ta n d a rd  c e ra m ic  m e th o d , w h e re in  th e  A R  g ra d e  
o x id e s  Z n O , M g O , a n d  N d ^ O , w e re  e m p lo y e d . T h e
s in te rin g  te m p e ra tu re  w as c o n tro lle d  a t i 0 (X)‘'C  fo r  24  h o u rs  an d  
th e  fu rn a c e  w a s  s lo w ly  c o o le d . T o  c o n f irm  th e  c o m p le tio n  o f  
so lid  s ta te  re a c t io n , th e  c o m p o s it io n s  w e re  c h a ra c te r iz e d  by  
s ta n d a r d  to o l s  i .e . X - ra y , F I R  a b s o r p t io n  a n d  S E M . T h e  
d if f ra c lo g ra m s  w e re  fu r th e r  su b je c te d  fo r  s tru c tu ra l re f in e m e n t 
to  in v e s tig a te  th e  c a tio n  d is tr ib u tio n .
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3. Results and discussion
T h e  X -ra y  d if f r a c to g ra m s  o f  p o w d e re d  c o m p o s it io n s  re v e a l th e  
fo rm a tio n  o f  s in g le  p h a s e  c u b ic  s p in e ls , s h o w in g  w e ll d e f in e d  
re f le c tio n s  o f  a llo w e d  p lan es . O n  re f in e m e n t o f  th e  d iffrac to g ram s, 
th e  e x tr a c te d  s t ru c tu r a l  d a ta  a re  p re s e n te d  in  T ab le  1. T h e  la t t ic e  
c o n s ta n t ,  a s  in d ic a te d  in  T a b le  1, e x h ib i ts  l in e a r  r e la t io n s h ip  
w ith  c o n c e n t r a t io n  o b e y in g  V e g a rd ’s law . T h is  m a y  b e  d u e  
to  la rg e  io n ic  ra d iu s  o f  io n  =  0 .8 3  A), w h ic h  w h e n  
s u b s t i tu te d  r e s id e s  o n  te t r a h e d r a l  A -s i te  a n d  d is p la c e s  sm a lle r  
F e^  io n  =  0 .6 7  A) f ro m  A s i te  to  B s ite . T h is  su g g e s ts  th e  
s t ro n g  o c c u p a n c y  o f  Zn '^  ^ io n  o n  te t ra h e d ra l  A -s i te  [91. D u e  to  
Nd^ '*' s u b s t i tu t io n  th e  la t t ic e  c o n s ta n t  is  fo u n d  to  b e  d e c re a s in g  
s l ig h tly . S u c h  r e d u c t io n  in  th e  la t t ic e  c o n s ta n t  in  r a r e -e a r th
s u b s t i t u te d  f e r r i t e s  s y s te m  w a s  r e p o r te d  b y  R e z le s c u  and 
R e z le s c u  [1 0 ] , s u g g e s t in g  th e  o c c u p a n c y  o f  r a re -e a r th  ion  on B- 
s i te .
T h e  p h y s i c a l  d e n s i t i e s  (dp) o f  th e  c o m p o s i t io n s  were 
m e a s u re d  b y  u s in g  l iq u id  m e th o d  a n d  a rc  r e p o r te d  in  Table ) 
a lo n g  w ith  X -ra y  d e n s i ty  (dx) a n d  p o ro s i ty  (P ) . T h e  caiu^n- 
o x y g e n  b o n d  le n g th s  fo r  te t r a h e d r a l  A - s i te ,  (> 4 -0 )  and  for 
o c ta h e d ra l  B - s i te  (B-O) w e re  c a lc u la te d  b y  u s in g  relations 
A ~  O  =  (w - 1  /  8 ) flV 3  a n d  B -0  =  (5 /8 -U )  a  a n d  a rc  presented 
in  T a b le  1. T h e  A-O  b o n d  le n g th  s h o w s  in c r e a s in g  tren d  wnh 
Zn *^*^  c o n c e n t r a t io n ,  w h i le  B - 0  b o n d  le n g th  d e c re a s e s  with 
in c r e a s i n g  Zri^ '^  io n .  T h i s  c a n  b e  a t t r i b u t e d  to  th e  strong 
o c c u p a n c y  o f  io n  o n  A -s i te .  T e tr a h e d ra l  s i te  (R^) and
Table 1. Structural data for the compositions of Zn^Mg  ^ yNd^O  ^ ferrites system.
C o m p o s it io n s
Parameters
Lattice constants, (a) A 
No. of Formula unit, (Z) 
Fonnula weight, (w) gm.
X-ray Density, (dx) gm/cm' 
Physical I>ensity, <dp) gm/cm' 
Porosity (P) %
Bond distance, (A-O) A 
Bond distance, (B-O) A 
Tetrahedral Radius. (R^) A 




Oxygen ion param eter (U) A





























































































Lattice constants, (a) A 8.31 8.33 8.35 8.37 8 39 8.4!
No. of Formula unit, (Z) 8 8 8 8 8 8
Formula weight, (w) gm. 204.23 212.44 220.66 228.87 237.08 245.29
X-ray !3cnsity. (dx) gm/cm' 4.13 4.15 4.39 4 45 4.50 4.79
Physical Density, (dp) gm/cm^ 4.65 4.82 4.99 5.16 5.33 5.49
Porosity. (P) % 11.26 13.75 11 86 13.67 15.48 12.57
Bond distance, (A-O) A 1.71 1.78 1.81 1.85 1.87 1.92
Bond distance, (B-O) A 2.13 2.10 2.08 2.07 2.07 2.05
Tetrahedral Radius. (R^) A 0.36 0.43 0.46 0.50 0.52 0.57
Octahedral Radius, (R^) A 0.782 0.751 0.736 0.727 0.719 0.695
R-Factors 0.0228 0.0201 0,0174 0.0092 0.0260 0.0319
R. 0.0212 0.0209 0.0116 0.0103 0.0248 0.0304
R^p 0.057 0.044 0.050 0.026 0.056 0.069
S 0.305 0.231 0.266 0.142 0.299 0.370
Oxygen ion parameter, (U) A 0.368 0.373 0.375 0.377 0.378 0.382
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th e  in te n s ity  o f  2 2 2  a n d  4 0 0  re f le c t io n s  in c re a se s  w ith  in c re a s in g  
S- T h is  m a y  b e  a t t r ib u te d  to  th e  s e n s i t iv i ty  o f  2 2 0  a n d  4 2 2  
re f le c t io n  to  th e  c a tio n s  o f  tcu -ah cd ra l A -s i tc  a n d  th a t o f  2 2 2  a n d
(Kiahedral s i te  (Rg) r a d i i  h a v e  b e e n  c a lc u la te d  b y  u s in g  re la tio n  
iroiii S m i th  a n d  W i j n  f l l ] ,  =  ( u - 1  / 4 ) a V s - / ? „  a n d  
R g = (5 /S -u )a -R q, w h e re  R^ is  th e  ra d iu s  o f  o x y g e n  a n d  u is 
the o x ygen  io n  p a ra m e te r .  O n  c lo s e  in s p e c tio n  o f  T a b le  1, it is 
lound that th e  te t r a h e d r a l  r a d iu s  in c r e a s e s  w i th  in c r e a s in g  Zn^*
,-,m centration, w h e re a s  th a t  o f  o c ta h e d ra l  s i te  d e c re a s e s .  T h is  
,iis() su p p o rts  th e  o c c u p a n c y  o f  Zv?* io n  o n  A -s i te .
X -ray  p o w d e r  d i f f r a c t o g r a m s  c o n s i s t s  m u c h  s t r u c tu r a l  
mlormation, w h ic h  c a n  b e  e x p lo r e d  b y  s t ru c tu ra l  r e f in e m e n t (5, 
hi According to  R ie tv e ld  [5 ] , th e  in te n s ity  o f  re f le c t io n  o b se rv e d  
at Bragg's p o s i t io n  0 *  is  g iv e n  b y
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/, =  e x p  [ - C o (2 0 * ) 2  / / / , ' ] ,  (D
where l/^ l"  -  is th e  to ta l  s t ru c tu r e  f a c t o r  o b ta in e d  by  s u m m in g  
!he a to m ic  s c a t te r in g  fa c to rs  o f  a ll 5 6  a to m s  a lo n g  w ith  th e ir  
pnsiiional c o -o r d in a te s .  S in c e  th e  c u b ic  s p in e l  h a s  s p a c e  g ro u p  
f d?!Ti [7J, th e  p o s i t io n a l  c o - o r d in a te s  u s e d  a re  8 a  a n d  I 6 c  fo r  
cations o f  te t ra h e d ra l  a n d  o c ta h e d ra l  s i te  re s p e c tiv e ly  a n d  3 2 c  
loi oxygen  io n  [1 J. T h e  a to m ic  s c a t te r in g  fa c to rs  w e re  o b ta in e d  
Iromcq. (15)
/ ( i )  =  ] ^ a ,  e x p (- /> ,s ^ ) +  c , , (2)
(3)
whore a^ , an d  c  a re  th e  c o e f f ic ie n t  o b ta in e d  fro m  le a s t c u rv e  
t i l t in g -1\ is th e  m u l t ip l ic i ty  o f  th e  r e f le c t io n s  a n d  Lj^  is  L o r e n l /  
po la riza tio n  fac to r. S in c e  th e  G a u s s ia n  d is tr ib u tio n  fu n c tio n  w a s  
lo n sk lc rcd  a s  p ro f ile  fu n c t io n , th e  c o n s ta n t  C o  c o u ld  b e  e q u a l 
U) 41og2 [1 2 ]. T h e  te rm  is  F u ll W id th  a t H a l f  M a x im u m  
(1 W H M ) ,  ta k e s  a c c o u n t o f  p e a k  b ro a d e n in g  r e s u l t in g  f ro m  
partic le  s i /e  a n d  is g iv e n  b y  =  a t a n ^  04* v ta n 0 4 * M \ w h e re  
/f. I and vv' a rc  th e  h a l f  w id th  p a ra m e te r s .  T h e  r e l ia b i l i ty  o f  
stiuciural r e f in e m e n t is u s u a l ly  e x p re .s se d  in  te rm s  o f  re l ia b ili ty  
i.K fo rs  Rj  ^ , R^ ^^  a n d  5 , th e  g o o d n e s s  o f  fit [1 3 ,1 4 ] . T h e s e  
laun rs  hav e  b e e n  c a lc u la te d  a n d  p re s e n te d  in  T ab le  1, T h e  v a lu e s  
‘>1 the p a ra m e te rs  a rc  fo u n d  to  b e  le s s  th a n  0 .1 5 , th e  lim it o f  
re lia b ility  [1 5 , 16], w h ic h  s u p p o r ts  th e  re f in e m e n t.
A ssu m in g  p re fe re n tia l  o c c u p a n c y  o f  io n  o n  e ith e r  s ite s , 
the fo rm u la  p ro p o s e d  fo r  c a t io n  d is t r ib u t io n  is
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F ig u r e  1 T h e o r e t ic a l in te n s ity  o f  r c f le c l io n  vs d is tr ib u tio n  p a ra m eters
4 0 0  re f le c t io n s  to  th e  c a t io n s  o f  o c ta h e d ra l  B -s i te . I f  a m o u n t o f  
l ig h te r  io n  (S) in c re a s e s , th e n  e q u a l a m o u n t o f  h e a v ie r  
ion  sh if ts  f ro m  A -s i te  to  B -s i te . T h is  re s u lts  in to  d e c re a s e  
in  th e  to ta l s tru c tu re  fa c to r  (F^) o f  A -s i tc  a n d  in c re a s e  in  to ta l 
s t ru c tu re  (F^) o f  B -s i tc . T h e  c lu b e d  in te n s i ty  / ^ j , v 
in d e p e n d e n t  o n  h o w e v e r , it s h o w s  in c re a s in g  tre n d  w ith  
o x y g e n  io n  p a ra m e te r  (u ) , a s  sh o w n  in F ig u re  2 . T h e  o x y g e n  ion  
p a ra m e te r  w a s  d e c id e d  b y  p la c in g  o b s e rv e d  in te n s i ty  o f -f 
o n  th is  p lo t. T h u s  o b ta in e d  u -p a ra m e te rs  a rc  re p o r te d  in 
T ab le  1.
where g is  th e  d is t r ib u t io n  p a ra m e te r ,  w h ic h  g iv e s  a m o u n t o f  
ion  o c c u p y in g  te t r a h e d r a l  A - s i te . B y  u s in g  c q . (1 ) , th e  
theoretical in te n s i t ie s  o f  r e f le c t io n s  w e re  c a lc u la te d  a n d  th e  ra tio  
fo r  in te rp re ta t io n  o f  th e  r e s u lts .  In  o rd e r  to  c o n f i rm  
the d e p e n d e n c e  o f  in te n s i ty  o f  r e f le c t io n s  o n  s i te  o c c u p a n c y , 
ihc in te n s itie s  o f  v a r io u s  re f le c t io n s  h a v e  b e e n  c a lc u la te d  a s  a  
function o f  d is t r ib u t io n  p a r a m e te r  5  in  th e  ra n g e  fo rm  0  to  
p lo tte d  a g a in s t  d is t r ib u t io n  p a r a m e te r  5 , a s  d e p ic te d  in  
i^tgurc I . O n  in s p e c t io n  o f  F ig u r e  1, it  is o b s e r v e d  th a t  in te n s i ty  
220 an d  4 2 2  re f le c t io n  d e c re a s e s  w ith  in c r e a s in g  5 , w h e re a s
F ig u r e  2 . In te n s ity  o f  +  I ,, ,  r e n e c l io n  e.v o x y g e n  io n  U -p a ra m eter
T h e  in te n s i ty  o f  2 2 0  r e f le c t io n  b e in g  s e n s i t iv e  to  A -s i te , is 
c a lc u la te d  as  a  fu n c tio n  fo r  d is tr ib u tio n  p a ra m e te r  g an d  p lo t te d  
v e rs u s  g. T h e  e x p a n d e d  p a r t  o f  th is  p lo t is sh o w n  in  F ig u re  3, 
ty p ic a l ly  fo r  x =  0 .4 0 ;  y  =  0.(X) a n d  0 .0 5 . T h e  e x a c t v a lu e  o f  
d is t r i b u t io n  p a r a m e te r  g  is  o b ta in e d  b y  p la c in g  o b s e r v e d  
in te n s i ty  o f  2 2 0  r e f le c t io n  o n  th e  s a m e  p lo t ,  a s  in d ic a te d  in  th e  
F ig u re  3. T h e s e  v a lu e s  o f  e x a c t  d is tr ib u tio n  p a ra m e te r  g a rc
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u se d  to  p re d ic t  c a t io n  d is tr ib u tio n . T h e  re f in e m e n t fa c to rs  
w e re  a ls o  c a lc u la te d  a s  a  fu n c t io n  o f  S  a n d  p lo t te d  a g a in s t  S  a s  
d e p ic te d  in  F ig u re  3. B y  in s p e c tio n  o f  F ig u re  3, it is fo u n d  th a t 
th e  re f in e m e n t fa c to r  s h o w s  th e  d ip  n e a r  a b o u t e x a c t v a lu e  o f  S-




Figure 3. Theoretical intensity of 220 reflection and reliability index 
vs distribution parameter d. (a) x = 0.40 ; y = 0.00 and (b) x = 0.40 ; 
y = 0.05.
T h is  d ip  in  th e  r e f in e m e n t  f a c to r  s u p p o r ts  th e  e x a c tn e s s  of (he 
d is tr ib u tio n  p a ra m e te r  S a n d  h e n c e  p ro p o s e d  c a tio n  distribution 
T h e  in v e s t ig a te d  c a t io n  d is t r ib u t io n  is  p re s e n te d  in  Table :  
T h e  c a t io n  d i s t r i b u t i o n  p r e s e n te d  in  T a b le  2  s h o w s  good 
a g re e m e n t w ith  th e  p re v io u s  re p o r ts  f o r  M g F c 2 0 ^ fe ir itc  j 1 7 | 
T h e  o c c u p a n c y  o f  m a g n e s iu m  io n  o n  te t ra h e d ra l  s i te  increases 
w ith  c o n c e n tra tio n  (x ) u p  to  x  =  0 . 2 0  an d  d e c re a se  thereafter
O n  Nd^"*  ^s u b s t i tu io n , th e  a m o u n t o f  M g ^ ‘*‘ io n  o c c u p y in g  A  sue 
in c re a s e s . T h is  a ls o  s u p p o r ts  th e  o c c u p a n c y  o n  Nd-^"  ^ ion on [] 
s ite .
4* Conclusion
S tru c tu ra l r e f in e m e n t m e th o d  c a n  b e  u se d  to  e s t im a te  the  exact 
c a t i o n  d i s t r i b u t i o n .  T h e  i n t e n s i t y  o f  r e f l e c t i o n  sh o w s ns 
d e p e n d e n c e  o n  s i te  o c c u p a n c y  a n d  o x y g e n  io n  p a ram e te r . The 
e x a c t  d is t r ib u t io n  p a r a m e te r  c a n  b e  d e c id e d  b y  comparing: 
o b s e r v e d  in te n s i ty  w ith  c a lc u la te d  o n e . T h e  re f in e m e n t facioi 
sh o w s  a  d e e p  n e a r  a b o u t th e  e x a c t d is tr ib u tio n  p a ra m e te rs , whiUi 
s u p p o r t  th e  e x a c tn e s s  o f  th e  m e th o d . T h e  c a tio n  distribuuon 
in v e s t ig a t io n  s h o w s  th a t  th e  o c c u p a n c y  o f  m a g n e s iu m  ion on 
te t ra h e d ra l s i te  in c r e a s e s  u p  lo . r  =  0 . 2  a n d  d e c re a s e s  thercalicr 
T h e  s u b s t i tu te d  Nd^ **" io n  r e s id e s  o n  B -s i te  a n d  results mi< 
in c re a s e  o f  m a g n e s iu m  io n  o n  A -s i te .
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